Perfecting modern design of technical objects highlights the long-known truth that the human is the most unreliable link in the human-technical object system. However, this is a superficial finding not taking into account the root cause of human errornon-ergonomic working conditions. The desire to improve this situation by increasingly including ergonomic requirements, such as in the design of equipment interfaces, brings significant results. Suitable reduction of fatigue of varying nature, in many cases leads to a reduction in the number of errors among equipment operators. The system model assumes the possibility of a verification of psychomotor status in the workplace directly on the job, not relying on the test results to resume work and only allowing the diagnosis of an undesirable condition. The model is based on, among others, Fitts' Law. The testing software is a form of web application. Each user has an account on which the results are collected and form the basis for drawing conclusions about the state of fatigue. It is necessary therefore to assume that for dedicated positions there is no risk of distraction by the need for an additional device. Time spent on the task cannot be reduced by the tasks resulting from work. The paradigmatic example of the application of this method can be demonstrated in a study of urban transport vehicles before leaving the initial stop. A study of psychomotor skills can be used as an alternative to the fairly common in some countries testing of alcohol content in exhaled air. There are also breathalyzers integrated in such a way with control of the vehicle, that it is only after the verification of sobriety that one can start the vehicle. There are also no reasons that this check cannot warrant a short psychomotor test.
Introduction
In the modern world the reliability of systems of production, logistics, communications and many others has an ever-increasing importance. The reliability of many of these systems depends on the human factor [1], because it is connected to operating work which ensures performance of complex mechatronic systems. Such a situation occurs in the case of a vehicle, a CNC machine or air traffic control. In today's world more and more emphasis is put on the reliability and safety of work systems [2] . Safety of the managed system depends in varying degrees on the attention of the operator, however each time it's decreased it brings about a significant risk to the functioning of the system. Despite the unreliability, the human -operator is treated as an overriding member, performing functions of supervision, who should be the last to no longer function effectively. It is therefore apparent that the most unreliable part of the safety system in the case of operator systems becomes its final hope for ensuring stability of function [3] . This situation leads to increased interest in systems designed to prevent the formation of human error or its consequences. In many cases, human fallibility is due to a rise in physical and mental fatigue, therefore it is crucial to monitor signs of fatigue and to quickly identify if specified limits have been exceeded, which may threaten the safety of the system. Moreover, the demand for systems to combat fatigue and its consequences results from the increasing demand for ergonomic quality of working conditions [4] and quality of life outside of work [5] . An increasing emphasis on ensuring the wellbeing of workers will result in that the desired effect of ergonomic measures will no longer be to limit the negative effects of work, but to optimize work loads and develop skills through work. Work should not be a burden but should give the capacity to grow. Fatigue is intimately linked to the emergence of problems regarding psychomotor abilities, which in situations favorable to accidents can lead to multimillion dollar property damage and much more costly human losses. Growing fatigue may initially be asymptomatic. In the case of excessive local load on locomotor organs, compensation may occur by e.g., decreasing load on a segment of the body by increasing the work of the entire trunk or any other segment of movement. Increasing mental fatigue is associated with slowing down and increasing indifference to external stimuli. It is important therefore to appropriately recognize the increasing state of fatigue before it becomes dangerous for the operator and the work performed. Fatigue is linked not only to content of the work, because most of it will be due to the physical work environment, thus factors such as work microclimate, noise and vibration, perception-limiting factors (dust, oil mist) and characteristics of the external environment.
Monitoring fatigue allows a rapid recognition of adverse conditions resulting from a number of variables. The starting point in formulating a model of fatigue is knowledge about measurement results of the effectiveness of targeted tasks, e.g., endurance of activities in states of full efficiency and in the states of its lack, reaction time for feedback, traditional ergonomic factors such as maintaining upright posture without excessive fatigue, value of proper angle of field of vision for the designed work process, dependence of fatigue on the longevity of using the technical object and so on.
In a significant number of situations operators' mistakes threaten the safety of others. Therefore, the next step is usually to continuously improve the skills of operators and additional training in the event of a change in the operated device or vehicle. Another important aspect is health, and periodic checkups are often subject to special industry regulations -e.g., in aviation. However, periodic checking of health status does not guarantee best performance every day and at every moment. An employee's psychomotor performance depends on many factors. In addition to health and fitness it's also dependent on current mood and fatigue.
Existing solutions functioning in this regard include ones for stationary monitoring stations, where abnormal states of both the operator and technical facilities can be identified relatively easily. A problem occurs when work is not related exclusively with strictly defined operating conditions, and within the system operating work is not performed in a standardized work environment (e.g. underground). The aim of this article is to provide a system that allows to safely perform tasks as an operator in the anthropotechnical system, and which will be based on psychomotor performance monitoring.
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Fatigue, psychomotor performance, and accidents
Psychomotor performance refers to the coordination between mental operations and physical responses and generally it is measured as reaction time and motor skills. Fatigue is associated with psychomotor performance. In the case of drivers, fatigue causes a state of reduced mental alertness that impairs cognitive and psychomotor performance during driving [6] . Fatigue is one of the main factors causing accidents in many countries [7] . It is estimated that about 20% of road accidents are a result of driver fatigue [8] . This number may be higher, when considering accidents for which the cause is multifactorial, and fatigue is only one of several direct causes of the emergency situation.
Fatigue is usually inferred from its effects: most directly, a decline in physical (or mental) task performance. Fatigue manifests itself as an increasing resistance to continuing with a task, as long as this resistance can be overcome, performance continues, but with subjectively greater effort. Fatigue can be divided into central, which is related to the nervous system and peripheral, originating in the muscles. Fatigue affects psychomotor performance not only due to its physiological impact, but also because it acts on decision-making abilities [9] . Fatigue is the subject of many studies in terms of its impact on the ability to operate vehicles and use machines, precisely for the possibility of reducing accidents caused by a decrease in psychomotor performance [10, 11, 12] .
Fatigue acts on psychomotor skills, and their decline raises the number of accidents. The main factor responsible for accidents is reaction time [13] , however, also important are motor coordination, precision of control movements, and detection of weak signals. These elements can be simultaneously predictors of fatigue, as well as causes of human error [14] .
Measures of psychomotor performance
Many factors are regarded as measures of psychomotor performance. Factors which are analyzed primarily include mental reaction time, muscle tone, work done by the eye -including blinking (eye blink), time of eye closure (PERCLOS -percentage of eye closure), skin conductance, head nodding, and changes in electrical activity of the brain. Additionally, psychomotor performance is assessed by an evaluation of work compliance with the specified task. For example, for a vehicle this is maintaining position in the proper lane and adequate speed. It can also be a measure of steering wheel and machine movement. There are systems which generate a (visual or audio) signal to which the operator has to answer with an appropriate response in a given time. Measures of psychomotor performance may also take the form of tests, which allow to investigate a combined set of psychomotor performance, which may be the result of fatigue as well as substance abuse. Examples of such tests include [15] :
Pursuit Tracking -the subject, using a joystick, tries to keep a cursor on a moving target, Unstable Tracking -the subject uses a joystick or a mouse to keep a horizontally moving cursor on a fixed target (during the test the cursor accelerates away from the target, requiring subjects to increase their control movements with increasing distance), Simple Reaction Time -the subject presses a key as quickly as possible after a stimulus, Complex Reaction Time -the subject presses a key or pushes a pedal as quickly as possible after various stimuli, Letter Cancellation -the subject crosses out or marks certain letters out of matrices of random letters which are presented, Serial Response -a row of five outlined squares is presented, corresponding to the keys 1 to 5 on the keyboard and the subject needs to chase a black square that appears at random in one of the outlined squares by pressing the appropriate key, Focused Attention -three warning crosses are presented, which are replaced by a target letter -the subject responds to the target letter by pressing an appropriate key, Display Monitoring -the subject watches the display of a scale and a moving pointer and at random intervals, the pointer tends to stay in one half of the scale -the subjects must report when this occurs, Vigilance -several auditory and visual vigilance tests are used, all requiring the subject to detect signals, or targets, in noise, Color-Word Naming -based on Stroop test -example colors are presented, either in their own color or in different colors -the subject must name either the word or the color, Other tests may employ cognitive paradigms such as Counting span [6] or Go-No Go Task [17] .
Application of psychomotor performance monitoring systems in managing workplace accidents
The possibility of using psychomotor performance monitoring to reduce the number of accidents at work has been implemented in a number of systems serving to improve safety. Due to the variety of work, systems with a wide range of functionality are used. The development of technologies for recording and transmission of audio and video allows audiovisual monitoring and recognition of states, which previously had to be classified by people [18] . This gives a lot of opportunities to create anti-fatigue systems.
Psychomotor performance measuring systems can be divided into monitoring or access systems (in which authorization to continue work is dependent on scoring appropriately on a test). Monitoring systems may be based on direct measurements of psychomotor performance or the resulting processes in relation to psychomotor performance. Access systems are used wherever direct monitoring of the specified parameter is difficult. Table 1 contains a characterization of the employed systems. Indicates fatigue onset using changes in head-movement patterns. Can be used in driver monitoring.
Head Nodding Detection System records the x, y and z coordinates of the driver head.
ARRB Transport Research (Australian Road Research Board)
Device measures operator alertness levels through the operator's reaction to a visual and audible stimulus. It can work throughout the whole working shift. It is working in real-time and can alert others to the fact that the operator is becoming drowsy.
Mental Reaction Time
AssistWare The Muirhead Fatigue Warning system has been developed with operator safety in mind. This system randomly checks the operator's awareness using a visual warning.
Mental Reaction Time Security Electronic Systems -Sleep Control Helmet System
Using head nod sensors the system warns operators against sleep.
Head Nodding Detection
Seeing Machines -Facelab System monitors operator fatigue and distraction events, enabling real-time intervention. It is used mostly in vehicles (trucks -e.g. mining trucks), ships, cars, railway and aviation).
Eye Feature Monitoring
Sleep Diagnostics -Optalert Personal safety device for transport workers to detect and prevent drowsy driving.
Eye Feature Monitoring Infra-red light measures driver's levels of alertness continuously and objectively in real time.
Smart Eye AB -Smart Eye
System for operators in automotive and transport, aerospace and defense, IT and electronics, and medical branches.
Eye and Head Monitoring
Eye tracking systems use digital cameras to track the movement of the eyes and gaze direction in real time. System also provides non-intrusive head tracking.
SMI (SensoMotoric Instruments) -InSight
System measure head position and orientation, gaze direction, eyelid opening, and pupil position and diameter.
Eye and Head Monitoring
Welkin -Nap Zapper System designed to raise driver awareness of momentary lapses caused by sleepiness. This device is worn behind the driver's ear. If the driver's head nods below a preset angle it emits an alarm sound, effectively zapping a nodding driver back to full concentration.
Head Nodding Detection
A common feature of the above-mentioned systems is their susceptibility to effects of the external environment. The vast majority of these require a static operator and are focused on fatigue caused by drowsiness and a lack of sufficient attention to the performed operations. 
Proposed fatigue management system for nonstandard situations
The proposed model of the system assumes the possibility of verification of psychomotor status in real-time at the work station not for relying on results of the test to allow continuing to work, but merely for the diagnosis of an undesirable state. The model is based on, among other things, Fitts' Law. Testing software is programmed as a form of web application. Each user has an account where obtained results are collected and form the basis for drawing conclusions about the level of fatigue. It is necessary to assume that for dedicated stations there is no risk of distraction by the need for introducing an additional device. Time spent on the task cannot be limited by tasks related to work. Figure 1 presents a scheme of the functioning relationships between fatigue and psychomotor performance, and the defined by Wickens [19] operator functions: perception, decision and response, execution.
In the presented model, fatigue resulting from both requirements of the job and unspecific non-work related factors, such as quality of sleep, or individual predisposition, affects perception, decision and response, and execution. Barriers can protect against the disruption of these functions, and will depend on identifying problems in psychomotor performance. Figure 2 presents a visualization of the proposed system. The premise of the proposed system (Figure 2 ) is the implementation of the study on psychomotor performance using a smartphone application. At time intervals designated by the system, random tasks are generated and their execution is evaluated by the Fatigue Psychomotor Management System. On this basis, the system will determine the frequency at which further tests should be generated, which will verify the degree of worker fatigue. Failure to execute the test or a negative outcome will result in the generation of a safety alert. Depending on the type of work performed, the alert can be sent to the employee or his coworkers, and in specific cases can create a lock which prevents the startup of other devices. The system's operation will be possible at work stations where in the course of work there is a possibility of performing a side activity, such as a test on a mobile device (production workers, machine operators not operating continuously). By design, the aim of the system is not to interrupt work but only to monitor the psychophysical state during work activities. The Fatigue Psychomotor Management System monitoring a number of employees should have a learning function and on the basis of subsequent measurements for a given worker should recognize fatigue states -this will also provide an aggregation of knowledge [20] , which can be used in the management of human resources. For this purpose, after completing a task of the test the worker will evaluate his level of fatigue. An additional function of the device is the ability to generate multiple tests, which due to their variability keep the interest of the employee. A final application of the collected assessments may be the creation of an index of ergonomic assessment of specified working conditions [21] according to fatigue levels for the specified type of work. This requires the accumulation of a large number of representative measurements.
Conclusions
Increasingly common technical measures allow for the monitoring of almost every area of our lives. In many cases, such monitoring systems can ensure the safety of their users and environment, as well as collect precious knowledge, which will serve as an expert knowledge base for the safety assessment of a situation involving fatigue. Systems supporting worker fatigue management measurably contribute to reducing the risk of human error and thus the threat to their health and property. The demand for such systems is also growing due to the rising problem of an aging population, which will result in that many positions currently manned by able-bodied people will in the future be operated by people with impaired psychomotor performance, who will feel the effects of fatigue much quicker. All of this will result in that anti-fatigue systems will not only be an interesting gadget but will also become essential equipment at many work stations.
